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FOREWORD

This report was prepared by tlkc Materials Information BranchApplications Laboratory.
The work was initiated under Project No. 7381, "Materials Application", Task No. 73812,
"Data Collection and Correlation". It was administered under the direction of the Directo-
rate of Materials and Processes, Deputy for Technology, Aeronautical Systems Division
with Mr. C.L. Harmsworth acting as the project engineer.

This report covers work from September 1959 to March 1961.

The author wishes to acknowledge with appreciation the assistance and advice given by
Dr. Frank Beck of the Department of Metallurgy, Ohio State University and Mr. Larry
Alessandro of Materials Central.
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ABSTRACT

An investigation was conducted to determine the effect of corrosion pitting on the fatigue
behavior of 2024-T4 aluminum alloy and to establish a method of measuring pitting cor-
rosion damage with respect to fatigue.

It was found that surface roughness measurements could be used to give a useful indi-
cation of the fatigue life that may be expected from a corroded structural member of
2024-T4 aluminum. The effec! of pre-existing corrosion on the mechanism of fatigue was
determined to be largely that of a stress raiser. In the case of pitting corrosion, calcu-
lations could be made, based upon critical pit measurements, to determine the stress
concentration effect of the corrosion pit.

PUBLICATION REVIEW

This report has been reviewed and is approved,

POR THE COMMANDER:

D.A. SHINN
Chief, Materials Information Branch
Applications Laboratory
Directorate of Materials and Processes
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I. INTRODUCTION

The design of modern advanced weapon systems demands structures that are lighter
and stronger with an ever increasing emphasis on more realistic margins of safety. The
critical factor in the design of many of these advanced systems is an accurate knowledge
of fatigue behavior in the expected environment.

If this environment produces surface discontinuities the fatigue properties of the ma-
terial will be affected. Corrosion has long been recognized as an extremely critical factor
in its effect on fatigue life of a structure. Because of the many complexities evolved in
the corrosion-fatigue relationship, little useful engineering data are available.

The purpose of this program therefore was: (1) To analyze the mechanism of corrosion-
fatigue failure, (2) To establish a useful measure of corrosion damage with respect to
fatigue behavior, and (3) To obtain some useful engineering data which can be used with
a realistic degree of confidence in estimating the fatigue life of corroded 2024-T4 alumi-
num alloy.

II. CRITERIA FOR CORROSION-FATIGUE INVESTIGATION

Any program designed to furnish significant engineering data for a structure in a
corrosive environment (including air) must consider the relationship of corrosion to the
fatigue srress pattern, the environmental conditions, both physical and chronological, to
which the material is subjected, and finally to the variance of the teit results and the
service conditions.

Inasmuch as the above considerations may have a serious effect upon any corrosion-
fatigue program they are discussed in detail.

A. Corrosion-Fatigue-Stress Relationship

In general the principal effect of corrosion (pitting or otherwise) is that of a stress
raiser. In this investigation the corrosion attack was from pitting. These pits served as
stress raisers which increased localized stress above the normal applied value, and
accelerated fatigue failure in much the same manner as in notched fatigue specimens.
At applied stresses below the endurance limit the corrosion discontinuities could raise
the locali7ed stresses to a value greater than that for crack initiation and cause failure.

B. Environment

Formation of the stress raisers is a function of the nature of the corrosion attack. This
report considers only pitting corrosion which is one of the most critical forms of cor-
rosion in weapon system applications. However, all forms of corrosion may to some
extent promote stress concentrations.

Often overlooked by investigators when applying corrosion fatigue test results to serv-
ice applications is the important chronological relationship between corrosion and applied

Manuscript released bv the author May 1961 for publication as an ASI) Technical Report.
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stress, For example, although pre-existing corrosion pits generally serve as Stress
raisers formrig nuclei for fatigue damage as previously mentioned, fatigue cracks may
also form cavities in which corrosion is concentrated and/or accelerated, or the two
mechanisms may take place simultaneously. While the vast majority of service failures
are results of Rtrprr acting on the previously corroded area, many investigators have
obtained test data under simtultaneous conditions of corrosion and stress and have erro-
neously attempted to apply this data to service conditions involving pre-existing corrosive
damage. An example would be a weapon system located near a coastal area, in which case
the system woula have been subjected to a corrosive environment in a relatively un-
stressed condition. The fatigue loads would generally be applied after corrosion had dam-
aged the part and in the majority of cases the loads would be applied during flight, and
away from the original corrosive environment.

C. Significance of Data

Both fatigue and corrosion data are noted for their scatter. Consequently, any attempt
to establish usable relationships should include test data of a reasonable level of con-
fidence. Without this level of confidence erroneous assumptions could be made and, the
resulting data would not be satisfactory for design or for service applications.

Ill. TESTING PROCEDURE

A. Materials

The material used for this investigation was 2024-T4 aluminum alloy. This is a com-
mon airframe structural material with the chemical composition shown in table 1. Its
tonstle properties are shown In table 2. It is relatively ductile and less scnstitive to
discontinuities than many of the higher strength materials. Consequently, the effects of
equal amounts of corrosion on the fatigue properties of the more sensitive materials
should normally be more severe. Therefore, results of this investigation should not be
applied to other materials to obtain design data. Approximately 85 rotating beam and 12
tensile specimens were machined from a single heat of 2024-T4. The rotating beam con-
figuration is shown In figure 1. The specimens were machinc polished in a longitudinal
direction to a surface finish of approximately 5 to 10 microinches, root mean square
(rms).

Seven additional specimens were drilled to simulate corrosion pits with theoretical
stress concentration factors (Kt) from 1.8 to 2.8. The pits were drilled to depths of

.0020 to .0158 inches. The drill point was ground to produce a notch root radius of .006
inches rather than the conventional 60 degree "V" notch impression.

B. Environment

The tapered ends of the specimens were coated with paraffin to prevent corrosion on
the ends that mount into the fatigue machine. Several specimens are shown in figure 2.
The specimen gage sections were then cleaned with carbon tetrachloride to remove even
a trace of the paraffin film, and then rinsed with distilled water. Fheý specimens were
suspended in a salt spray environment chamber as shown in figure 3, which was main-
tained at a temperature of 95'F ý, 20F during the exposure period. The salt solution con-
sisted of 20 percent (by weight) of NaCI in de-ionized water. The specimens were
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removed from the environment chamber after various time periods of exposure (2 hours
to 32 days). When removed from the environment chamber the specimens were rinsed in
distill~d water, dried and fatigue tested. The period of time between the removal from the
environment chamber and the beginning of the fatigue tests never exceeded 24 hours,

C. Fatigue Tests

The fatigue tests were performed at room temperature (72"F, ±2*F) in four R.R.
Moore rotating beam machines operating at 3600 rpm. Two of these machines are shown
in figure 4. Although the machines were carefully calibrated, the results were statisti-
cally checked for any possibility of machine variability in accordance with standard
practice. (1) No significant variations were found. A stress of ±26,000 psi was chosen to
induce failure at a selected number of cycles on the predicted S/N curve. This selection

was made to prevent runouts past the endurance limit (108 cycles). A few tests were con-
ducted at 1:40,000 psi and ±50,000 psi to obtain a limited amount of comparative data at
other stress levels.

Considerable thought was given to the relative advantages of axial loading versus
rotating beam specimens. Axial loading generally gives a more accurate estimate of the
fatigue properties of a material due to a more uniform stress distribution transversely
through the specimen gnge sertionn On the other hand rotating beai.- tests are generally
more responsive to surface conditions, more economical, and consequently more appli-
cable to statistical analysis. In view uf the laLter, rotating beam tests were used in this
Inve.qtigation.

1). Measurement liechniques

The critical pit depths were measured on the fracture surface using a toolmaker's
microscope. The root radii of the critical areas of the corrosion pits were measured by
examining a longitudiinal section through the critical pit with a 200 X microscope, with a
vernier scale. Measurement of surface roughness was made with a conventional profilo-
meter.

L. Statistical Procedures

The variance in corrosion and fatigue data necessitated the use of statistics to assess
the meaning of the test results. Therefore the data is presented in accordance with ASTM
quality control recommendations. (2) Five specimens were allocated for each major test
group as shown in tables 3, 4 and 5. It has generally been conceded that fatigue life at a
constant stress approximates a log normal rather than a normal distribution. Conse-
quently the average life values and standard ditstributions summarized in table 3 are
based on log normal distributions. The average rms values for each group of 8 specimens
are based on a log normal distribution. Average theoretical stress concentration values
(Kt) are based on a normal distribution.

The average log normal values were calculated fromn equation (1). The corresponding

standard deviations with respect to a log normal distribution of fatigue life (a log X)

were calculated from equation (2). Scatter limits are plottea as two standard deviations
as shown in figure 17. An example of the calculation of these limits is shown in table 7.

3
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n
=_1og x

log • :,I)
n
n

/ff1( log x

"%log - log x)
2  (2)

Where:
n
Zlog x. = the sum of the log of all values of x from xito x

SI inclusive

x = fatigue life

x = average fatigue life

number of specimens

o one standard deviation

IV. DISCUSSION OF RESULTS

A. Surface Roughness as a Measure of Pitting Corrosion with Respect to Fatigue

In order that corrosion-fatigue data may have any value from a service application
standpoint, a simple measurement of corrosion must be established. This measurement
must be a nondestructive one that can be made a part of the periodic service Inspection
of a weapon system. It must give results that can be used to determine the limitations
that may be imposed upon a corrosion pitted structural member. Certain methods con-
sidered included: estimating the density of corrosion pits, hardness checks, service
record analysis, and surface roughness measurements.

Measurements based upon estimating the density of corrosion pits, were eliminated
because of the difficulty in making readings under mild conditions of corrosion. Other
disadvantages were the poor reproducibility of measurements with various operators and
lack of information concerning the depth of pitting.

Hardness measurements were eliminated as hardness checks on the corroded speci-
mens showed little correlation with the fatigue data. Also, it was feared that hardness
indentation marks on a structure might cause undesirahle :stress raiFiers.

4
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An analysis of service records would be acceptable only if the severity of corrosion
remained a constant value from day to day as maintained in the test chamber. Figure 17
shows the fatigue life of specimens with respect to duration of exposure. While these
data show correlation of time with respect to exposure, the effect of a varying exposure
condition encountered at a coastal launching pad or airport would make the use of these
data extremely unreliable. For example, the Intensity of the test exposure employed here
is much greater than that which would be encountered in any climatic condition.

Surface roughness measurement seems to be the most uRable technique to link service
behavior with test results on 2024-T4 alurrinum alloy. Surface roughness increases as a
function of exposure time under constant environment conditions as shown by figure 18.
Statistical analysis using the t-test showed the increasing surface roughness values with
increasing exposure time to be significant. Surface roughness also serves as a good indi-
cation of fatigue life at various stress levels as shown in figure 19. While it is felt that
the data in figure 19 can be used to make useful predictions of the service life of corroded
2024-T4 aluminum, it should be re-emphasized that these data cannot be used to predict
the behavior of other materials. Separate curves similar to those shown in figure 19 would
be required for each material considered.

The above method could, of course, be applied only to service applications where the
corrosion precedes the application of load. Neither this nor any other existing method of
analysis is reliable enough to use at present to determine the fatigue life of a corroded
structural member that has been subjected to previous fatigue loading of various degrees
during Its life cycle.

13. Calculation of K of Critical Corrosion Pitst

Although surfce roughness has been shown to be a useful indication of the fatigue
resistance of corroded 2024-T4 aluminum alloy, this is strictly an empirical relationship.
A stress analysis of the corroded area is necessary to et.tablish a better understanding
of the effect that pre-existing corrosion has on fatigue. An examination at high magnifi-
cation of the failed surfaces similar to ihose shown in figureti 9 through 16 indicates diat
a single corrosion pit is generally responsible for the initiation of failure. Although
several specimens with surface roughness values over 100 microinches (rms) had fatigue
cracks Initiating from more thani one pit on the fracture surface, the final analysis Indi-
cated one pit could he considered as critical.

Several methods of conducting a stress analysis of the corrosion pits were coiisidered.
The most satisfactory procedure was to consider a longitudinal section through the criti-
cal corrosin- pit. The stress pattern in thi.s section is then adaptable to Neuber's stress
analysis for a shallow groove in bending. (3) "Equivalent" Kt values of the corrosion

pits can then be calculated using measured valucs of pit depth and root radius.

The fatigue lives of the corrosion pitted specimens were checked with fatigue lives of
specimens which were drilled or had artificially pitted surfaces with accurately known
pit depths and root radii. The fatigue lives of these specimens fell within the same scatter
hand as that for the corToded specimens wi.h -q,,al Kt values. The fatigue properties of

these artificially pitted specimens are listed in table 6.
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The above stress analysis did not include the effect of the supporting unnotched ma-

terial on each side (transverse to the direction of load) of the corrosion pit, nor did it

consider the effect of adjacent corrosion pits on the stress pattern of the critical pit.

The fatigue life results were, however, compared with results on conventionally notched

specimens of similar material which were obtained from the literature. While the scatter

between groups of specimens from the literature was too great to draw any significant

comparisons to serve as a check in the above stress analysis, most available data did fall

within, or slightly to the left, of the Kt values shown in figure 20. For example. Spretnak

and .Fontana (4) conducted tests on 2024-T4 0.50 inch diameter notched specimens in

bending. These specimens had a Kt value of 3.15. At ±26,000 psi they had a fatigue life of

200,000 cycles. The average fatigue life of corrosion pitted specimens with an "equiva-

lent" K of 3.15 is approximately 260,000 cycles.
t

Several interesting observations were noted in correlating the results of the test data

with the stress analysis. It was observed that the width of the critical pit in the longi-

tudinal direction had little effect on the test results. Examination of these pits under high

magnification, as shown in figures 5 and 6, showed that all cracks appeared to initiate

from areas of corrosion or stringers which branched off from the main corrosion pit.
Random measurement of the tip of these branches resulted in a relatively constant radius

value of .0050 inch regardless of the depth of the pit or the length of exposure time. This

radius value of .0050 inch was used in calculating all the "equivalent" Kt values.

Additional observations revealed that the number of secondary pits initiating fatigue
damage had relatively little effect on the results. For example, specimens exposed for
32 days had from 2 to 6 corrosion pits which initiated some degree of fatigue damage
(see figure 15). However, there was no more scatter in the cyclic life, (figure 17) or
"equivalent" K values (figure 21), frorr this group than from the specimens exposed 8

t
hours (see figure 9), all of which had only one visible corrosion pit initiating fatigue
damage.

C. Tensile Behavior

The ultimate tensile and yield strength of the specimens showed no significant de-
crease after 32 days exposure to the pitting environment. However, the average decrease
in elongation was approximately 19.6 percent and the average decrease in reduction in
area was approximately 44.5 percent. This rather severe decrease in ductility compares
with a loss in fatigue strength of approximately 12 to 21 percent within the range of

3XI I Oo 106 cycles. The tensile specimens had a diameter of .500 inch while the fatigue
ý;pecime-ns were .300 inch in diameter.

V. SUMMARY AND CONCLUSIONS

Surface roughness measurements serve as a useful indication of the fatigue life of
20,24-T4 ,jluminum darnaized by pitting corrosion. Further effort will be necessary to
determine the applicability of surface roughness measurements to other materials.

Best Available Copy



ASD TR 61-121

Corrosion-fatigue may be classified as: (1) pre-exdsting corrosion on dynamically-
stressed members, (2) the simultaneous action of dynamic stress and corrosior, and
(3) corrosion on previously fatigue-stressed material. Most cases involving aircraft and
missiles are of the first category where pre-existing corrosion discontinuities cause
stress concentrations, which accelerate fatigue damage due to higher local strssi. In IhL
case of pitting corrosion the stress concentration effect of these pits may be calculated
with a reasonable degree of accuracy, through the proper use of Neub•'r's analysis for a
grooved notch.

Pitting corrosion had little, if any, effect Onl the ultimate teniile and yield strengTth Of
2024-T4; however, the ductility was significantly redoced as indicated by reduction in
elongation and reduction in area measurements.
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Table 1

Chemical Composition of 2024-T4 Aluminum Alloy used in

Corrosion Fatigue Investigation

Cu Fe Si Mn Mg Zn Cr Ti

4.08 0.34 0.15 0.57 1.42 0.03 0.02 0.03

Table 2

Tensile Properties of 2024-T4 Aluminum Alloy After Exposure to a
Pitting Corrosive Environment

Spec. Exposure Ult. Ten. Str. Yield Str. F.long %0 Red. in
No. Time psi psi (0.2%) 2" gage Area %

i-I 0 72,550 50,800 16.5 12.1

2-1 0 71,800 49,100 16.2 9.2

5-1 0 71,300 48,300 18.5 12.3

3-1 0 70,300 50,100 15.8 10.4

1-2 1 Day 72,600 49,850 16.2 9.6

1-3 1 Day 72.350 52,300 15.7 H-6

3-3 1 Day 71,350 50,300 14.5 8.4

3-4 8 Days 70,200 49,250 13.0 10.4

2-2 8 Days 69,950 49,300 13.5 6.8

2-3 8 Days 69,400 49,000 10.9 10.9

.5-4 32 Days 71,050 49,300 12.5 5.6

5-3 32 Days 70,800 48,400 16.5 6.5

3-2 32 I)ays 70,500 50,300 11.5 4.9

5-2 32 Days 70.250 40,100 13.0 7.6

9



ASD TR 61-121

Table 3

Summary of The Statistical Properties of 2024-T4 Fatigue Specimens
Exposed to a Pitting Corrosive Environment and Stressed at -r2 6 ,000 psi

Exposure Avg. Cycles To *±2 Standard **Avg. Surface Avg. K No of
Time Failure (Log Deviations Roughness (Notl Samples

Normal Dist.) (Log Normal (Log Normal (rma

DiNm D t( Dist.) D ist.)

0 5,598,000 +15,890,000 8.6 1 5
6,082,000

2 Hours 7,825,000 +15,370,000 11.9 1 5
- 3,984,000

4 Hours 1,688,000 + 3,510,000 12.7 1.79 5
- 810,700

8 Hours 967,400 + 2,734,000 14.2 2.12 5
342,300

1 Day 747,300 + 1,045,000 23.2 2.41 5
- 534,500

2 Days 8t3,900 + 2,548,000 32.3 2.50 5
- 254,100

4 Days 489,900 + 893,500 56.9 2.62 5
- 269,300

8 Days 597,800 + 778,700 66.8 2.72 5
- 459,000

16 Days 417,300 + 755,300 86.8 2.89 5
- 230,600

32 Days 443,400 + 631,600 138.2 3.02
- 311,300

Values shown are high ililit () and low limits (-) which are computed as L 2
from the average cycles to failure.

Average surface roughness values are rms values measured in microinches .issuming
a log normal distribution.

I0 Best Available Copy
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Table 4

Fatigue Properties of 2024-T4 Aluminum Alloy Subjected to Exposure In .
Pitting Environment and Stressed at ±26,000 psi

Spec Exposure Cycles to Surface Pit Depth Kt Machine
No Time Failure Roughness Inch No

microinches
(rms)

2-3 0 23,604,900 6 1 2
3-1 0 6,293,000 11 I 1
2-2 0 5,623,000 9 1 4
1-16 0 2,722,300 13 1 2
3-2 0 2,418,400 11 1 1

3-6 2 Hours 14,892,500 13 1 1
1-6 2 Hours 7,644,000 12 1 2
2-4 2 Hours 7,237,300 13 1 2
5-12 2 Hours 6,021,400 10 1 1
5-11 2 Hours 5,920,000 12 1 3

5-13 4 Hours 2,744,900 13 .0004 1.6 3
2-6 4 Hours 2,117,400 12 .0007 1.75 1
1-27 4 Hourm: 1,938,200 10 .0003 1.6 1
3-7 4 Hours 1,101,900 14 .0014 2.0 4
2-5 4 Hours 1,100,000 15 .0015 2.0 1

1-19 8 Hour. 1,766,100 18 .0012 1.9 1
1-17 8 Hours 1,608,200 12 .0014 2.0 3
2-21 8 Hours 896,300 13 .0027 2.35 2
5-18 8 Hours 781,400 12 .0013 1.95 3
3-22 8 Hours 426,100 17 .0028 2.4

5-20 1 Day 1,006,600 23 .0020 2.15 3
3-8 I Day 780,100 25 .0036 2.55 4
2-7 1 Day 717,500 25 .0022 2.2 1
3-- i Day 674,500 13 .0031 2.45 4
5-14 1 Day 613,300 36 .0041 2.6 3

,3-11 2 Davs 2,247,200 28 .0021 2.2 2
1-4 2 Days 907,400 33 .0035 2.5 -
5-15 2 Days 703,800 35 .0034 2.5 2
3-10 2 Days 611,100 23 .0051 2.7 3
2- 2 Days 407,200( 47 .0041 2.6 1

2-20 4 DayK 776,300 57 .0044 2.6 -
:i-12 4 Days 498,100 76 .0040 2.6 3
2- 0 4 Days 491,900 45 .0041 2.6 2
5-10 4 Days 491,100 47 .0041 2.6 1

"4 Days 301,300 65 .0048 2.7 3

Best Available Copy
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Table 4 (Cont'd)

Spec Exposure Cycles to Surface Pit Depth Kt Machine
No Time Failure Roughness Inch No

microinches
(rms)

3-13 8 Days 690,000 75 1006! 2.85 2
1-15 8 Days 659,000 95 .0043 2.6 1
5-19 8 Days 613,700 62 .0056 2.8 4
1-21 8 Days 580,700 50 .0043 2.6 4
2-11 8 Days 471,400 60 .0052 2.75 3

5-21 16 Days 555,300 90 .0053 2.75 3
3-14 16 Days 542,500 80 .0057 2.8 3
2-12 16 Days 390,300 85 .0056 2.8 1
1-22 16 Days 376,300 85 .0075 3.0 4
5-17 16 Days 286,100 95 .0093 3.1 4

1-18 32 Days 531,300 190 .0074 2.9 2
5-16 32 Days 505,700 130 .0078 3.0 3
1-20 32 Days 448,000 150 .0068 2.9 4
3-15 32 Days 444,500 170 .0094 3.1 1
2-13 32 Days 320,300 80 .011M( 3.2 ,t

12
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Table 5

Fatigue Properties of 2024-T4 Aluminum Alloy Subjected to a Pitting
Environment and Stressed at Loads Other Than ±26,000 psi

Specimen No. Exposure Fatigue Cycles To Surface
Time Stress psi Failure Roughness

microinches
(rms)

2-23 0 40,000 185,500 9
3-20 0 40,000 146,900 12
3-18 0 40,000 110,600 11

1-5 8 Hours 40,000 196,600 13
2-14 8 Hours 40,000 135,900 16
3-4 8 Hours 40,000 111,000 19

3-19 2 Days 40,000 172,300 19
5-6 2 Days 40,000 112,400 18
1-14 2 Days 40,000 57,600 20

5-9 32 Days 40,000 78,200 145
3-21 32 Days 40,000 75,500 140
3-5 32 Days 40,000 71,200 110

1-3 0 20,000 None at 2XI07 -

1-2 0 20,000 None at 2X 107

1-1 0 20,000 None at 108

2-1 0 20,000 None at 108 -

1-7 0 50,000 36,500 8
1-11 0 50,000 33,800 10
1-9 0 50,000 32,200 9

5-7 8 Hours 50,000 17,200 14
3-23 8 Hours 50,000 14,200 20

2-17 8 Days 50,000 12,700 68
2-22 8 Days 50,000 12,400 58
2-1. 8 Days 50,(000 10,100 46

3-24 32 Days 50,000 12,100 130
5-8 32 Days 50,000 11,300 120
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Table 6

Fatigue Properties of Artificially Pitted (Drilled) 2024-T4 Aluminum
Alloy Specimens Stressed at ±26,000 psi

Specimen Cycles To Pit Depth Root Radius K

No. Failure Part of Inch Part of Inch

3-16 2,292,500 .0020 .0058 1.8

5-3 1,757,100 .0031 .0066 2.0

1-8 580,800 .0067 .0063 2.45

3-25 746.700 .MOO1 ,0064 2,6

i - i C 503.600 .0124 0069 2.6

2-19 293,100 M)131 .,,065 2,8

.5 2 342,2001 .0158 r0(064 2,8

:4
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Table 7

Example Calculation of Average Fatigue Life and 1 2 Standard

Deviation Limits (2 hour exposure data)

Cycle life Log of life (Log)2 of life

14,892,000 1.1720  1.3757
7,644,000 .8833 °7802
7,237,000 .8595 .7387
6.021.000 .7797 .6079
5,920,000 .7723 .5964

logs = 4.4677 , (log) 2  4,0989

log = .8935 1 (log)8

-2
(log) 98

.8198

.021:3 -. 1 460

2 x .1460 .2932

.41('5 . 3
(2932 -. 2932

1 .1807 =log high limit .6003 lohg low linlif

15,370,000 =1high limit cycles

.8935 = log average 3,084,t00=) low lmit cycles

7,825,000 - average cvcle;

'5
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Fig-ure 5. Fatigue Crack Initiating from Critical Corrosion Pit. Same surface as shown
in fig. 6 with Specime~n Halves joined after Failure. Specimen No. 1-21, 200X

l'igu tc 6i. Corrosioni Pit ori 'ýpec inmcu Illustra~tcd ir ig 5 with no Vi ,iblt- E vidence of

Fatigue D1)ra mag. L ocated 0/4 inech froin F racturec So fi-fce. Spccirmnct No. 1-21,* 20OX

2o)
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Figue Faluresurface 
on an iincorrodcd ?024-T4 Aluminlim Seie yldt

F'anu're at L26.000 Psi

FjgrV MIC ug~)hni pcirnl 11U t~tdin ;hu~vinv ~~~dsurf~~(

j;,c r)Vraw
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4F,

Figure 9, Failure Surface of a 2024-T4 Aluminum Specimen after Exposure to .a

Corro~iive Environmet-.t for- 8 Hours and Cycled to Failure at ±f26,000 psi Specimen No.

1-19, 7X

Figiiro 10. Mncrograpil of Sl'-ciniefl hllistratcd ini Fig. 91 showing 'Sorfnuv Corrosion.

Specinlen No. I-V19,5X
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Figurq 11. Failure Surface (if a 20241- T4 Alumin-zrn Specimen after Exposure to a
Corrosive E~nvironment for I Day arid Cycled to Failure at i 26,000 psi. Spec~iinei No.
2- 7, 7 X

F'igure 12. 'lacrograph of b'vwe imun xIn~llustrated iti fig. I I -: rfnce~ ()rr-r)-

ruji'fl. SIU~ccitnI1 N,) 2-7, 5X
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Figure 13. Failure Surface of a 2024-T4 Aluminum Specimen aifter ExposureŽ to a
Corrosive Environment for 8 Days and Cycled tu Failure at ±E26,000 psi. Specimen No.
1-21, 7X

U'igu ec 14. NI icrogr;aph (if thove Specmw uIll11 ust rated in fig . 1 3 showing Su rfaw( Cor-
T-o.-h)fl. lipeciunen N,. 1-215N
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Figure 15. Failure Surface of a 2024-T4 Aluminum Specimen after Exposure to a C. I
rosivc- Environment for 32 Days and Cycled to Failure at ±26,000 psi. -)pecimen No. 3- i,
7x

E igutz 16, Mae rtgra;)h of ahovt- Specimen I! lust ratrd in fig. 15. shwwirng S'i rf;wte
('orro'-;Ion. Specimen No. 3-15, 5X
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